BACKGROUND: Randomised trials show reduced colorectal cancer (CRC) mortality with faecal occult blood testing (FOBT). This outcome is now examined in a routine, population-based, screening programme. METHODS: Three biennial rounds of the UK CRC screening pilot were completed in Scotland (2000Scotland ( -2007 before the roll out of a national programme. All residents (50-69 years) in the three pilot Health Boards were invited for screening. They received a FOBT test by post to complete at home and return for analysis. Positive tests were followed up with colonoscopy. Controls, selected from non-pilot Health Boards, were matched by age, gender, and deprivation and assigned the invitation date of matched invitee. Follow-up was from invitation date to 31 December 2009 or date of death if earlier.
A Cochrane review of the four randomised controlled trials of screening for colorectal cancer (CRC) using faecal occult blood testing (FOBT) has shown a reduction in cause-specific mortality, with an intention to screen analysis, of 16%, rising to 23% when adjusted for compliance (Towler et al, 1998) . On the basis of these results a demonstration pilot of population-based FOBT was commissioned in the United Kingdom and the successful completion has in turn led to a roll out of programmes in all four UK countries.
Process measures from both the Scottish and English arms of the UK pilot have been quantified and published (Steele et al, 2009; Moss et al, 2012) . These include cancer detection rate, stage distribution, and positive predictive value. Disease-specific mortality is the most important outcome measure, and the main aim of this study was to examine whether the reduction in CRC mortality seen in the randomised controlled trials could be matched at the population level in practice.
It is not certain that the reduction in CRC mortality can be achieved as randomised controlled trials are underpinned by high levels of motivation within a restricted team and some aspects of the published trials, for example, diet restriction (Mandel et al, 1993; Kewenter et al, 1994; Kronborg et al, 1996) and high rates of colonoscopy (Mandel et al, 1993) would not be feasible in routine population screening. One non-randomised study has been carried out in France (Faivre et al, 2004) but the screened and non-screened groups were matched at the level of administrative area and no account was taken of socio-economic deprivation, which is a key factor in screening uptake (Steele et al, 2010) .
Therefore, a retrospective cohort study was carried out to compare CRC mortality in the general population routinely invited for FOBT screening with people not invited but matched at the individual level for gender, year of birth, and socio-economic status.
MATERIALS AND METHODS

Design of study
The design of the Scottish arm of the UK pilot of FOBT screening provided the opportunity to compare individuals resident in the three National Health Service (NHS) boards selected to be involved in the screening pilot with a matched group drawn from the remaining NHS boards.
The pilot in Scotland has been described elsewhere (Steele et al, 2009 ) but in brief individuals aged 50-69 years and living in one of the three NHS board areas were sent a FOBT kit (hema-screen, Immunostics, Ocean, NJ, USA) by post to complete at home and then return to the central laboratory for analysis. This was a traditional style test consisting of six windows of filter paper impregnated with guaiac gum. Participants with 5 or 6 positive windows were offered colonoscopy. Those with 1-4 windows positive were asked to complete a further guaiac test and colonoscopy was offered to those with any one window positive. 
Study population
The study population and associated dataset were assembled by the Information Services Division of NHS National Services Scotland. All invitees for screening had a community health index number that is a unique patient identifier for all individuals registered with a general practitioner in Scotland. A list of the community health index numbers of those invited in at least one of the three rounds of screening was compiled and a unique control person for each invitee, matched for gender, year of birth, and quintile of deprivation as defined from the Scottish Index of Multiple Deprivation based on postcode of residence was identified (www.scotland.gov.uk/topics/Statistics/SIMD). Controls were selected from NHS boards with background mortality for CRC comparable to that in the pilot NHS boards. Male controls were drawn from nine NHS boards and females from five NHS boards. Controls were not selected from one NHS board because some of the residents had been invited for screening previously as part of a UK randomised controlled trial of flexible sigmoidoscopy.
Each control was assigned the date of first screening invitation of their matched invitee which was used as a proxy screening date. The invitee and matched control in each pair were then followed from this date to 31 December 2009 or date of death if earlier.
Using the community health index number, the study population was record linked to a number of national databases to compile the data required for the study. Colorectal cancer diagnoses were obtained from the Scottish Cancer Registry which since 1958 has collected data on all new cases of cancer arising in the Scottish population. Hospital admissions for CRC were identified from the Scottish Morbidity Record database and the date and cause of death were identified from the National Records of Scotland database. For this study, only the underlying cause of death was used and was classified as CRC if coded as ICD10 C18-C20. No account was taken of potential migration from Scotland and individuals were deemed to be alive at 31 December 2009 if no date of death was recorded in the National Records. The invited group was additionally record linked to the screening database to identify participation and screening test results.
Exclusions
All individuals in the appropriate age range, resident in the pilot NHS boards and who had a community health index number were eligible to be invited for FOBT screening. Before the first round of screening, however, general practitioners were given the opportunity to identify any patients for whom an invitation for screening was considered to be inappropriate, for example, patients who were terminally ill. This was done through the use of prior notification lists. Their use was discontinued after the first pilot screening round.
Once the study population had been compiled, matched pairs were excluded if either person had had a hospital admission for or a diagnosis of CRC before the screening date or if the control person had died before the screening date.
Statistical analysis
There were no formal calculations of sample size. All individuals invited as part of the pilot were included at the start of the study with the initial aim to find a unique matched control for each.
To compare the results from this study with those from the randomised controlled trials, an 'intention to screen' approach was used for the main analyses with secondary analyses adjusted for participation. This was defined as the return of at least one screening test offered. Demographic differences between participants and non-participants are regularly seen that could indicate different underlying risks. Therefore, in addition, the rate of CRC mortality in those accepting screening was compared with the controls using the method proposed by Cuzick et al (1997) for randomised controlled trials that potentially takes account of these differences.
The primary outcome measure was CRC mortality. Person years of follow-up in each group were calculated from the screening/ matched date to 31 December 2009 or date of death if earlier.
Cumulative CRC mortality rates with 95% CIs were plotted by year from the screening/matched date for the invited and control groups. These were calculated by the Nelson-Aalen method to take account of length of follow-up (Aalen, 1978) .
Overall CRC mortality rates in each group were calculated as the number of deaths divided by the person years of follow-up. Rate ratios (RRs) were calculated using the Mantel Haenzel method to compare these rates in the invited and control groups overall and by age groups (50-59 and 60-69 years), gender, and participation.
The number needed to be screened was calculated as proposed by Tabar et al (2004) to account for the rate of screening compliance.
All analyses were carried out with STATA (version 10.0, StataCorp, College Station, TX, USA).
RESULTS
There were 410 320 individuals invited for screening in at least one of the three rounds of the pilot. A unique matched control could not be found for 19 232 of whom 91% were female and 87% were in the two least deprived quintiles. There were 4824 matched pairs excluded where a control had died before the matched screening date or a control or invited person had been diagnosed with or had a hospital admission for CRC before the screening/matched date.
The number of deaths from all causes over the period of screening round one ( Figure 1 ) were plotted and appeared to show an under-representation of deaths in the group invited for screening. This pattern was not seen in rounds two and three and might suggest an effect of the prior notification lists sent to general practitioners. A decision was therefore made to exclude all individuals who had died before 1 February 2002 and their matched invited or control person (6609 pairs). This date was chosen arbitrarily since after this, there was o20% difference between the numbers of deaths in the two groups. Among the exclusions were 118 individuals who had died of CRC, 59 in each group. These exclusions left 379 655 individuals in each of the invited and control groups (Figure 2) .
The demographic characteristics of each group are shown in Table 1 . The unequal distribution of the quintiles of deprivation reflects the selection of invited and control groups from a restricted number of NHS boards. In round one, the 50-54 years age group accounted for 33.1% of the study population but this rose to 47.4% for the study as a whole due to the majority of those invited for the first time in rounds two and three being aged 50 or 51 years thus increasing the proportion in the youngest age group. All cause mortality in the study population was 8.1%. In the invited group, there were no deaths related to the screening colonoscopy itself. There were 961 (0.25%) and 1056 (0.28%) deaths from CRC in the invited and control groups respectively (P ¼ 0.03 chi-squared test). A 'maximum' result for those in the invited group was defined over all potential rounds and ranged from 'not provided' (a test kit not being returned) to 'positive'. Overall 60.6% of the invited group had returned at least one screening test. Figure 3 shows the overall cumulative mortality from CRC in both groups with lower mortality in the invited group appearing around 4 years after screening. Cumulative mortality rates in the participants and non-participants compared with their respective Faecal occult blood testing and colorectal cancer mortality G Libby et al control groups are shown in Figure 4 . As seen elsewhere (Scholefield et al, 2002) , CRC mortality rates were lower in the participants compared with the non-participants and this difference increased with time following screening.
The overall CRC mortality rate/1000 person years was 0.35 (95% CI 0.33-0.39) for the invited group and 0.38 (95% CI 0.36-0.41) for the controls. The RRs showed a 10% relative reduction with intention to screen RR ¼ 0.90 (95% CI 0.83-0.99) and a 27% relative reduction in participants compared with their matched controls RR ¼ 0.73 (95% CI 0.65-0.82). The Cuzick method showed a reduction of 17% RR ¼ 0.83 (95% CI 0.79-0.87). There was also a significant reduction in CRC mortality with invitation for screening for those aged 50-59 years and for males (Table 2) .
A sensitivity analysis was carried out to examine the effect on the overall RR of excluding all those who died before 1 February 2002 and their matched person. The RR remained unchanged (0.90, 95% CI 0.83-0.99) implying no effect.
The number needed to screen was calculated using data from round 1 to allow the maximum time of follow-up. There were 155 496 participants in round 1 with 893 CRC deaths in the invited group and 987 in the controls. The estimated number of CRC deaths prevented was 94 (987-893). The number of people needed to be screened for a period of 7 years to prevent one death from CRC over a follow-up period of 9 years was therefore estimated to 
DISCUSSION
This study reports the impact of FOBT screening on CRC mortality in a routine, population-based programme serving a true general population. The results show that such screening reduces diseasespecific mortality by 10% rising to 27% when adjusted for participation.
A particular strength of the study was the assessment of CRC mortality over the same time period in a population being invited for screening for the first time and a matched cohort with no history of screening. A limitation, however, was the lack of a unique control for 19 232 persons invited for screening due to restricting the selection of matched controls to those from NHS boards with comparable background mortality. It is not known what effect if any this would have had on the results but due to the large size of the study population this group accounted for only 5% of those invited for screening.
The reduction in mortality was lower than that seen in the metaanalysis, which was 16% though the individual trial results ranged from 12 to 19% (Towler et al, 1998) . The reason for this is not clear, but there were two important differences in our study compared with the randomised controlled trials. First, the study population was much younger with 47% aged between 50 and 54 years and only 33% aged 60 years or older. This compares to between 50 and 100% aged 60 years or over in the four trial populations. Consequently, this study had substantially lower all cause mortality (8.1%) compared with the trials (16.6-30.5%). In contrast, CRC as the cause of death accounted for 3.3% of all deaths in the control group, which was similar to that in the trials (3.0-3.6%). Colorectal cancer incidence and mortality increase with age and the lower age range and associated lower risk in the study population may have reduced the benefit from screening.
The second difference was that the cause of death was defined only using information from death certificates. In contrast, all the trials used an expert committee that examined the death certificate information along with relevant medical records to define the underlying cause of death. In the Nottingham trial (Hardcastle et al, 1996) , deaths from CRC were classified in two ways, 'certified' from death certificate information only and 'verified' after additional case note review. The latter approach resulted in more deaths being defined with a cause of CRC. There was a statistically significant reduction in CRC mortality of 15% only in the larger 'verified' group. The 'certified' group showed a nonsignificant reduction of 12%. These two differences may have contributed to the lower reduction in mortality seen in this study compared with the metaanalysis (Towler et al, 1998) . In addition, colonoscopy was offered directly to those with 5 or 6 FOBT windows positive (strong positive) but not those with 1-4 windows positive (weak positive) until they had another positive FOBT result. This approach was based on the algorithm used in the Nottingham trial and was designed, considering the available colonoscopy resource, to achieve a positivity rate of 2%. It has been suggested that this is too conservative an approach resulting in a diminution of the benefit of screening compared with the benefit if all those with a positive test result were referred for colonoscopy. Another trial in the United States gained an increased positivity rate through rehydration of the FOBT (Mandel et al, 1993) . This resulted in higher colonoscopy rates and showed an increased reduction in mortality of 19% but with a lower positive predictive value because of the increased number of false positive test results. Offering colonoscopy directly to weak positives, therefore, may have led to a greater reduction in mortality, but a recent study has shown that where colonoscopy is undertaken following a weak positive test result, the positive predictive value for cancer is 8.8% compared with 26% for those with a strong positive test (Lee et al, 2011) . It is encouraging, however, that a significant reduction in CRC mortality was achieved despite the limitations that are important factors in routine, real-world screening programmes in contrast to studies undertaken with the advantages of clinical trial support.
It was found that all cause mortality was slightly greater in the control group than in the invited group raising the possibility that the reduction in CRC mortality could have been partly due to differences in overall mortality. However, the statistically significant differences between the groups were confined to noncancer causes of death with no differences between the groups for any cancer other than CRC (data not shown). Thus, it is unlikely that the reduction in CRC mortality could be due to background differences in overall mortality.
Previously published studies of routine screening programmes have shown that screening with FOBT leads to an increased detection of CRC at early stages of disease (Steele et al, 2009; Moss et al, 2012) . This study shows that these outcomes translate into a reduction in cause-specific mortality justifying the introduction of routine population-based screening. It seems likely that a greater impact of screening on CRC mortality would be realised with increased participation.
